Introduction. Pneumonia is one of the most common infectious complications among people after stroke. The presence of this complication is associated with a significant increase in mortality and a deterioration in the clinical condition of the patients resulting in a longer hospitalization time and more severe rehabilitation, which translates into worse functional status. Objective. The aim of the study is to analyze the causes and consequences of the development of pneumonia in early post-stroke rehabilitation and to indicate the need for modification of rehabilitation methods at the onset of infection. Description of the state of knowledge. According to the literature describing infections found in neurological departments and intensive care, the concept of Stroke-associated pneumonia (SAP) is believed to be associated with pneumonia. Risk factors in this situation are disturbances of consciousness and dysphagia, and it is assumed that this condition is associated with abnormal dopamine transmission in patients after extensive stroke. Conslusion. In the early post-stroke period, there are numerous predictors of pneumonia: dysphagia, decrease in P levels, cough reflex, adverse bacterial flora development, postprandial immunodepression, mechanical ventilation and hypokinesia, which allow early identification of patients particularly at risk. the risk of disease development and the use of appropriate measures. On the one hand, it points to the need to develop a variety of measures to minimize the risk of developing pneumonia and to rapidly develop new standards of management to improve upon the onset of pneumonia so as to reduce the consequences of infection.
INTRODUCTION
Brain strokes remain a serious health issue in the Ukraine and Poland. Every 4-5 minutes one person suffers from a stroke and every 16 minutes a patient dies from it. 80-88% of stroke patients experience an ischemic stroke, the rest ¾ haemorrhagic stroke. About 29% of strokes are recurrent [1] .
Infections are a common complication in the acute phase of treatment after stroke. Sources report that infectious complications concern from 5% up to even 65% of patients, with pneumonia occuring in 1% -33% and urinary tract infection in 2% -27% of patients [2] . Epidemiological predictions indicate that the number of people over the age of 65 will significantly increase in the coming years, which will translate into an increase in stroke incidence and associated infectious complications. Pulmonary inflammation, which contributes to increased mortality due to stroke, prolongs hospitalization, reduces functional improvement, and increases the cost of treatment [3] .
OBJECTIVE
The aim of the study is to analyze the causes and consequences of the development of pneumonia as a complication during early post-stroke rehabilitation. An additional aim was indication of the need to modify rehabilitation methods at the onset of infection and identification of predators of pneumonia and preventive measures to prevent the development of the disease.
BRIEF STATE OF KNOWLEDGE
Definition of pneumonia. Stroke-associated pneumonia (SAP) is one of ten described in the literature presenting case studies from neurological departments and intensive care units [4] . This term describes an infection that developes within the first 72 hours after admission. There is also a distinction between acute stroke-related pneumonia, which develops within a month of a stroke, and a chronic form that occurs after a month [5] . Focal pneumonia is a complication in many cases. The disease develops if the local bronchopulmonary defencc weakens and the lung tissue is penetrated, resulting in inflammation in the alveoli, through the bronchi, or less commonly, in the blood or lymphatic systems [6] .
Pneumonia has been classified into 3 categories: clinically diagnosed pneumonia, pneumonia caused by commonly known bacteria or fungi, or specific laboratory tests, and pneumonia in immunocompromised patients. Clinically defined pneumonia is diagnosed when new or permanent infiltration or consolidation is present on at least one X-ray; additionally, if one of the following clinical symptoms is present: fever, leukopenia or leukocytosis, or altered mental state in over 70-year-olds in the absence of other causes. There can also be new, purulent sputum or a change in the nature of the current sputum, new or worsened existing cough, rales are present and gas exchange deteriorates. Lung inflammation caused by bacteria or fungi is defined similarly. The diagnosis is supplemented by positive blood culture, pleural fluid, quantitative culture of bronchoalveolar lavage or pulmonary parenchyma. The diagnosis is confirmed by one of the symptoms in the form of purulent sputum or cough [4] .
THEORIES ABOUT THE CONTRACTION OF PNEUMONIA AFTER STROKE
Theory of aspiration. It is believed that post-stroke pneumonia is associated with the aspiration of oral contents. Risk factors in this situation are disturbances of consciousness and dysphagia. It is also assumed that this condition is associated with an abnormal transmission of dopamine [6] . Experiments conducted on guinea pigs have shown that blocking dopamine D1 receptors causes a decrease in the release of P substance from the nerve endings and inhibition of swallow reflex. Likewise, low levels of P substance occur in the sputum of the elderly. Angiotensin-converting enzyme inhibitors (ACEI) have been reported to increase P substance levels and improve the swallowing reflex [7, 8] .
Decrease in resistance due to stroke. Immunosuppression after stroke is caused by the activation of three systems: the sympathetic, parasympathetic and hypothalamic-pituitaryadrenal axis [6, 7] . Studies conducted by Prass et al. in mice were intended to explain the effect of immunodeficiency after ischemic stroke on the occurrence of infection. Three days after ischemia, sepsis and pneumonia developed in all tested animals. Stroke caused extensive apoptosis of lymphocytes, change of Th1 helper lymphocytes into Th2 cytokine production, bacteraemia and pneumonia [9] . In the same studies, it was also shown that suppression of sympathetic nervous system activity reduces the risk of bacterial infection and the use of β-blocker reduces mortality after a stroke. It is caused by a catecholamine-related defect in early lymphocyte activation, and is a key factor in the impaired anti-bacterial immune response after stroke [10] . Activation of the sympathetic nervous system following acute ischemic stroke seems to play a key role in the immunosuppression mechanism particularly evident in patients after extensive stroke [11] .
There is also scientific evidence that activation of the hypothalamic-pituitary-adrenal axis causes glucocorticosteroid secretion from the adrenal gland [12] . As glucocorticoids have anti-inflammatory properties, they can cause T lymphocyte apoptosis [13] . Both high and low levels of cortisol circulating in the blood are associated with increased mortality after stroke [12] . Activation of autonomic centres of the parasympathetic system results in cholinergic peripheral cytokine inhibitory activity released by nicotine receptors of macrophages [14] . The neuroendocrine system and autonomic centres are synchronized by periapical hypothalamic centers. The combination of the activities of these systems results in changes in immunity after stroke [15] . This means that stroke-related pneumonia is the sum of existing aspirations that cause the presence of pathogenic bacteria and immunological changes resulting from immunosuppression [9] .
Microbiological information. Pneumonia is most often diagnosed during the first days after a stroke [2] . According to microbiological data, it is caused by a hospital infection or acquired aspirate syndrome. Staphylococcus aureus and Gram-negative bacteria, such as Klebsiella pneumoniae, Pseudomonas aeruginosa, Escherichia coli or Enterobacter spp are the most commonly detected strains. Streptococcus strains arei also sometimes identified. Gram-negative bacteria and Staphylococcus aureus cause aspiration pneumonia, but are also known to be infectious, whereas Streptococcus strains are the most commonly detected pathogens in acquired aspirate pneumonia [16, 17] .
The material obtained from patients after stroke is usually poor, and additional difficulty in obtaining it is caused by neurological disorders and unconsciousness. Some suspect that pneumonia are actually non-infectious aspirin pneumonia or the infection can be caused by anaerobic bacteria. The role of anaerobic bacteria in the development of pneumonia, however, is inexplainable [18] .
A particularly high rate of infection is observed in patients who are in intensive care units afer being diagnosed with severe stroke. In these cases, catheters and mechanical ventilation serve as the infection gates [19, 20] . The incidence of pneumonia is at 10 -25% [21] .
Changes in bacterial flora of patients in intensive care units. Gram-positive bacteria form the majority of the oral mucosal fluids of healthy individuals. These proportions tend to change in subjects staying in intensive care units for longer than 48 hours. At that time, the most prevlent bacteria are: Staphylococcus aureus, Streptococcus pneumoniae, Acinetobacter baumania, Haemophilus influenzae, and Pseudomonas aeruginosa [22, 23] . Biofilm on the surface of the teeth and tongue and in periodontal disease patients creates optimal conditions for the growth of Gram-negative bacteria, which translates into clinical deterioration of the patients and requires special attention to oral hygiene in this group of patients [22, 23, 24] .
Resistance to antibiotics in Gram-negative bacteria. Gram-negative bacteria are mostly opportunistic, that is, they are the source of infection only in the context of reduced immunity. In addition, they are less sensitive to antibiotics, chemotherapeutics and disinfectants than Grampositive bacteria. This is due to the presence of an additional outer membrane which is an excellent protective barrier. Gram-negative cell enclosures are also equipped with MDR (Multi-drug resistance) systems, which are responsible for removing harmful substances from the inside of the cell including antibiotics, chemotherapeutics and disinfectants. The presence of these pumps is one of the main mechanisms for the acquisition of antibiotic resistance, in addition to antibiotic inactivating enzymes or the ability to alter the structure of proteins at the target site of the antibiotic.
Lowering the effectiveness of antibiotic therapy due to the increase in resistance among Gram-negative bacteria forces the search for non-pharmacological methods to prevent and treat pneumonia [25] .
Clinical status of patients. Another risk factor for developing pneumonia is the clinical condition of patients. The risk of developing infection increases in patients who lack defence reflexes, especially the coughing reflex, and in patients with impaired consciousness [26] . Most cases of pneumonia are due to dysphagia. Literature indicates that swallowing disorders occur in 37 -78% of patients and increase the risk of pneumonia up to 3-fold [27] . That is why in the literature there are many publications devoted to dysphagia from the aspect of the development of pneumonia due to aspiration of oral contents, which is about 20% of cases [28] . Stroke and the patient's condition immediately afterwards are therefore the most important predictors of aspiration pneumonia. Among other import ant factors are: dysarthria, hoarseness, volitional disturbances consisting in a weakening cough, and cough after swallowing water.
Aspirated pneumonia has been divided into 2 form due to the chronological occurrence of clinical symptoms: acute pneumonia, which develops before the end of the month, and a chronic or sneaky form that manifests itself later [5, 29] . Particular attention is paid to the need for screening before feeding the patients. In patients with sudden onset dysphagia (e.g. acute stroke), swallowing screening using screening of aspirants is recommended immediately after admission to the hospital before starting the oral administration of food, fluids or medication. Patients with a positive test result should be given a 'no oral' recommendation (recommended also for medicines) until more thorough neurological diagnosis [30] . An important role is also played by methods of neurostimulation that improve the function of swallowing. For this purpose, stimulation of the peripheral sensory system of the oral and pharynx with chemical, physical or electrical stimuli, and direct stimulation of the throat with the use of repetitive transcranial magnetic stimulation (rTMS), is recommended [28] .
Currently available data on the diagnosis and treatment of swallowing disorders and the prevention of pneumonia are still limited, but show that the implementation of therapeutic agents that improve the swallowing function causes a significant reduction in the incidence of disease [31] .
Occurrence of infection and age. Long-term predisposing factors for development of the infection is advanced age [32] . Literature reports that the acute phase of post-stroke immunodeficiency and systemic anti-inflammatory immune response are associated with susceptibility to infection [33] . This anti-inflammatory response includes excessive cytokines production and impaired cellular immunity [34] .
Infections affect the outcome of treatment after stroke, resulting in poorer functional outcomes and increased mortality. First, infections result in immobilization, general weakness and delayed rehabilitation, which translates into prolonged hospitalization and generates higher costs of treatment [35] . Demographic projections point to a continual increase in the proportion of people aged 65 and over in the European population, which will lead to an increase in the number of people with stroke and the incidence of infections [3] .
Influence of infection on ischemic stroke. There are several mechanisms that cause the infection or pneumonia associated with cerebral stroke, which worsen the clinical condition of patients [14] . Pneumonia is associated with fever, electrolyte imbalance and hypoxia. Fever aggravates inflammatory cascades caused by the accumulation of neutrophils in damaged tissue, while hypothermia used as a therapeutic agent modulates the process [36] . Neuronal excitotoxicity caused by increased neurotransmitter and free radicals' release is another mechanism associated with fever resulting in the deterioration of the patient's condition [37] . Electrolyte imbalance, especially hyponatremia, can contribute to increased cerebral oedema following stroke, which translates into increased long-term mortality [38] . The presence of bacteria and liposaccharides in the blood causes blood clotting, as well as activating the fibrinolytic system, which may lead to widening of the ischemia area, and consequently, to an increase in the pneumonia outbreak. This results in deterioration of the patient's condition and reduced recovery.
Forms of treatment and prevention. Stroke affects the work of the respiratory muscles and reduces their strength and cough reflex efficiency by about 50%, compared to healthy people [39] . The method used to treat these disorders is respiratory muscle training (RMT). This training forces the muscles to work harder than during normal functioning, which increases their strength [40] . This type of exercise increases the volume of air inhaled before coughing, which then increases the amount of air flowing during coughing.
According to the literature, a rehabilitation system for patients with focal pneumonia usually includes massage, physical therapy, and exercise therapy using elements of the Strelnikova method of breathing exercises. Analysis of clinical data and results of laboratory tests hale confirmed that patients performing Strelnikova method breathing exercises had better recovery outcomes than patients not using this element in their rehabilitation. Studies show [41] that breathing exercises positively affect metabolism; play an important role in the blood supply, including the lung tissue, improve the drainage function of the bronchi; erase some morphological changes in the bronchopulmonary system (adhesions, sticking processes); encourage resorption of inflammatory nodules; smooth the areas of shriveled tissue and restore normal blood and lymph supply; eliminate local stagnation; and increase the overall resistance. According to the literature, the physical rehabilitation system with the elements of Strelnikova respiratory exercises described by the authors is significantly more effective than the standard programme commonly used in hospitals [41] .
The training of respiratory muscles in combination with postural positions draining individual segments of the lungs, frequent change of position and classic breathing exercises prevents lung secretions. Breathing exercises should be used with common sense, remembering to avoid the increased work of the abdominal compressor, as well as hyperventilation in patients with episodes of seizures [42] . Other non-pharmacological prophylaxis measures include elevated body position and reduction in the presence of pathogens of the oral cavity and throat through intense oral hygiene [5, 42] . There are indications that the risk of aspiration pneumonia in patients with swallowing disorders can be reduced by the above-mentioned careful oral hygiene, and maintaining a sitting or at least half-sitting position with a backrest > 300 during the meal and at least 30 minutes thereafter to reduce the risk of reflux. An important role is also played by safe feeding -with small bites and sips, with dense feeding and non-feeding with severe disturbances of consciousness and interruption of feeding when the patient is sleeping, anxious or coughing.
The pharmacological strategies to reduce the incidence of post-stroke pneumonia include preventive administration of antibiotics, ACE inhibitors to increase cough reflex efficiency, and postprandial immunosuppression modification [5, 43] .
Pneumonia as an impediment to improvement. The occurrence of pneumonia in the early post-stroke period is associated with the need to delay the rehabilitation process. In line with the European Stroke Initiative (EUSI) guidelines, rehabilitation should be started as early as possibile, while still in the stroke ward (from the second day after the neurological event) [44] . All sources underline the importance of starting the rehabilitation process as quickly as possible when the damaged areas of the brain are characterized by the highest plasticity. In the case of ischemic stroke where penumbra is present, this is of particular importance because timely pharmacological treatment and rehabilitation efforts may restore normal functioning of the area, and reduce the extent of necrosis. The development of pneumonia results in delayed initiation of intensive rehabilitation or excludes the use of most of its resources.
Symptoms of infection, such as fever and electrolyte imbalance, are contraindications for classic kinesiotherapy, verticalization and special physiotherapy. It is particularly disadvantageous to delay the introduction of passive exercises chich, in the early stages, prevent the fixation of abnormal motor patterns and the development of mobility limitations [42] . Rapid verticalization is an essential element of functional improvement after stroke because it counteracts thromboembolic complications, muscular atrophy and orthostatic complications. Verticalization is also the moment when control of the sphincter function is usually restored [42] . Postponing the moment of verticalization due to pneumonia is a source of further complications that will translate into worse rehabilitation results, longer hospitalization, and an increased risk of death.
CONCLUSIONS
The available literature indicates that the occurrence of pneumonia in the early post-stroke period reduces the outcome of later functional improvement and is the most common complication. There are, however, no studies that address the problem of modifying physiotherapeutic agents that affect faster healing at the onset of infection, and the elimination of its effects from the perspective of long-term improvement outcomes.
Numerous studies focus on the early identification of pneumonia predispositions in the form of dysphagia, decrease in P substancje level, decrease or lack of the gag reflex, adverse bacterial flora development, post-immunodeficiency, mechanical ventilation and hypokinesia, early identification of patients at high risk of developing disease and implemeningt appropriate actions. Such action can have a pharmacological form, the prophylactic administration of antibiotics or ACE inhibitors and non-pharmacological treatment to alleviate the effects of dysphagia, increase oral hygiene, adequate body position and exercises to improve respiratory function.
The increase in stroke incidence has led to the development of various actions aimed at minimizing the risk of developing pneumonia, and the rapid development of new standards of management to improve upon the onset of pneumonia, to reduce the harmful effect of infection on the end result of functional improvement of patients. As a result, the hospitalization time will be shortened, the costs of treatment will decrease and the risk of illness will be reduced.
